A geochemically primitive, moderately fractionated, LCT pegmatite from Lutomia (Góry Sowie Block, SW Poland) has been characterized in respect of the primary and secondary phosphate assemblages. The pegmatite crystallized from anatectic granitic magmas mobilized by M 2-3 metamorphism at ~370-380 Ma. Three phosphate assemblages had a different origin: (1) the primary, magmatic one [graftonite-(I)-beusite-(I) + triphylite ± sarcopside], (2) a secondary, metasomatic one [Ca-rich graftonite-(II) -Ca-rich beusite-(II) + wolfeite/triploidite/stanĕkite + hagendorfite/alluaudite + kryzhanovskite ± a Ca-bearing phosphate close to ferromerrillite + fluorapatite], and (3) a secondary, hydrothermal and weathering one [ferrisicklerite ± heterosite + phosphoferrite-kryzhanovskite + ludlamite + vivianite ± hureaulite + earlshannonite-whitmoreite + strunzite-ferrostrunzite + beraunite + dufrénite + jahnsite-(CaMnFe), -(CaMnMn) and -(MnMnMn) + landesite + fairfieldite + Mn 2+ -bearing hydroxyapatite]. The magmatic assemblage resulted from the breakdown of a primary, high-T, Ca-and Li-enriched graftonite-like phase. It was induced by cooling and elevated incompatible Ca, Na, Li and F concentrations. The metasomatic assemblage reflects the destabilization of the magmatic phosphates and their Ca-and Na-metasomatism by a high-T fluid connected with a PO 4 -bearing melt, which previously had evolved along with graftonite-(I)-beusite-(I). The assemblage of secondary, hydrothermal and weathering, phosphates was a result of lower T alteration by hydrothermal fluids and meteoric water by both topotactic Fe and Mn oxidation as well gradual hydration and Fe oxidation. Taken together, the Lutomia pegmatite has been compared to the phosphate-bearing pegmatite at Michałkowa and the mixed NYF + LCT, PO 4 -poor pegmatitic system of Piława Górna.
Introduction
The Góry Sowie Block (GSB) in Lower Silesia, SW Poland, is a region with an old tradition of pegmatite exploitation. In the 18 th and19 th centuries, the pegmatites were quarried by Germans as a source of raw quartz and feldspars. During the mining, small quantities of phosphate minerals were occasionally found. Fiedler (1863) reported the presence of triplite in a railway cut north of Piława Górna, whilst Websky (1868) discovered a pegmatite at Michałkowa (= Michelsdorf) with, at that time, an unknown phosphate mineral named sarcopside, associated with hureaulite, vivianite and an apatite-group mineral. The end of mining activity in the area after WW II has limited modern mineralogical studies to a few small in situ occurrences, and the GSB pegmatites were largely ignored up to the beginning of the current century. Only Pieczka et al. (2003) gave brief indications of the Li-bearing mineralization present in the GSB region, observed as lamellar intergrowths of ferrisicklerite with graftonite and sarcopside at Lutomia, as well as green elbaite found in the vicinity of Gilów (Pieczka et al. 2004) . Kryza 1981; Żelaźniewicz 1987; Gunia 1997; Ilnicki et al. 2010) . A metapelitic-metapsammitic sequence of late Proterozoic to early Cambrian age, locally intruded by I-type, calc-alkaline rocks 518-480 Ma old, and tholeiitic basalts, was a protolith to the gneisses and amphibolites (Gunia 1985; Kröner and Hegner 1998; Kryza and Fanning 2007; Ilnicki et al. 2012 ). The complex first underwent an upper amphibolite-to granulite-facies metamorphism (T ~900-1000 °C, P ~15-20 kbar) at 402-395 Ma (Brueckner et al. 1996; Żelaźniewicz 1997; O'Brien et al. 1997; Bröcker et al. 1998; Timmermann et al. 2000; Aftalion and Bowes 2002; Gordon et al. 2005; Kryza and Fanning 2007; Ilnicki et al. 2011) . It was followed by five younger amphibolite-facies tectonothermal events (D 1 -D 5 ) ~385-370 Ma connected with metamorphism (M 1 -M 5 ) (Kryza 1981; Żelaźniewicz 1987 , 1990 , 1997 . The M 2 -M 3 peak of this younger metamorphism at 775-910 °C and 6.5-8.5 kbar (Brueckner et al. 1996; O'Brien et al. 1997; Kryza and Fanning 2007) , triggered anatectic melting and possible igneous activity at deeper crustal levels. It was manifested by pervasive migmatization, metamorphic segregation, and injections of granite-like magma in gneisses, migmatites, metabasite rocks and granulites at the D 3 and D 4 decompression stage. These injections have the form of fine secretions concordant with the host structures, and discordant, N-trending pegmatite dikes (van Breemen et al. 1988; Żelaźniewicz 1990; Bröcker et al. 1998; Timmermann et al. 2000; Aftalion and Bowes 2002; Gordon et al. 2005) . Rapid exhumation of the GSB connected with progressive decompression, and M 5 retrograde (middle to lower amphibolite-facies) metamorphism, induced further partial melting of rocks in deeper parts of the crust. The absolute age of the dikes (370 ± 4 Ma, van Breemen et al. 1988; 383-370 Ma Timmermann et al. 2000) , their frequency in the GSB and near absence from the adjacent units unequivocally prove that the pegmatites were coeval with the younger stage of the GSB metamorphism. Novák (2005) , summarizing the state of knowledge of the Bohemian Massif pegmatites, tentatively classified the GSB pegmatites as the beryl subtype of the LCT (lithium-cesium-tantalum) petrogenetic family of Černý and Ercit (2005) . However, mineral compositions in the largest co-genetic pegmatite system of the GSB exposed in the Piława Górna quarry, disclose its hybrid NYF (niobium-yttrium-fluorine) + LCT signature (Pieczka et al. 2013; Szuszkiewicz et al. 2013) . The pegmatites contain numerous Y + REE accessory phases, e.g., samarskite-, euxenite-, fergusonite-, gadolinite-group minerals, and (Y,REE)-bearing pyrochlore-supergroup minerals, considered as important indicators of the NYF petrogenetic family. On the other hand, very strongly fractionated units located sometimes within axial parts of the thickest dikes can contain elbaite-liddicoatite-rossmanite tourmaline, pollucite, spodumene, Cs-bearing beryl and Li-micas, i.e. minerals typical of the LCT family.
The Lutomia pegmatite
Lutomia is a village located in the Fore-Sudetic part of the GSB, c. 5 km SE of Świdnica, ~ 60 km SW of Wrocław, close to the Sudetic Boundary Fault (Fig. 1) . In the south-western mountainous part of the village there is a small, abandoned quarry. Here, amphibolites and migmatites are cut by a relatively large, discordant, vertical pegmatite vein, c. 20 m long and up to 1 m thick, showing one nest-like thickening up to 2 m across, and a few smaller offshoots. The main pegmatite vein, especially in the nest, displays a visible zoning. A very thin, fine-to medium-grained border zone is followed by a coarser grained wall zone. Both are composed mainly of quartz, sodic plagioclase, partially altered 'biotite' in places with signs of sillimanitization (fibrolite), subordinate K-feldspar and tiny crystals of grass-green fluorapatite ( Fig. 2a-c) . The wall zone changes progressively into an intermediate zone formed of quartz-feldspar graphic intergrowths with increasing amounts of K-feldspar, containing in places small muscovite-tourmaline aggregates with rare, scattered phosphates. The blocky feldspar zone is composed of blocky orthoclase, frequently showing a two-stage growth-zoning, plagioclase, almost completely chloritized biotite declining inwards, muscovite books, occasionally black tourmaline and interstitial quartz. The zone is followed by massive albite with rare phosphate nodules disseminated locally . No quartz core was observed. Tiny inclusions of monazite-(Ce), xenotime-(Y), uraninite, pyrite, Cd-wurtzite or sphalerite, cuprite, chalcocite or covellite and native copper, have been recognized within the nodules.
Mineralogy of the phosphate assemblage

Textural relationships
Three phosphate assemblages can be distinguished based on textural relationships: (1) primary magmatic phosphates, (2) secondary metasomatic phosphates, and (3) secondary hydrothermal and weathering phosphates (Tab. 1).
Primary, magmatic phosphates
The assemblage of primary phosphates, graftonitetriphylite-sarcopside, represents the bulk of the phos- Fig. 2 Textural relationships among main rock-forming minerals in the Lutomia pegmatite: a -'biotite' laths in the border zone of the pegmatite, accompanied by K-feldspar and quartz; b -intense sillimanitization of 'biotite' in a quartz-feldspar-bearing apophysis; c -euhedral apatite (green in hand specimen) from the border zone; d -two-stage, discontinuously zoned orthoclase, associated with plagioclase, a white mica and tourmaline in transition to the blocky feldspar zone; e -blocky orthoclase, containing relics of plagioclase; f -an intensively sericitized plagioclase monocryst from the massive albite zone, the main host of the phosphate nodules, cross-cut by veinlets of secondary apatite (colorless to pale blue in hand specimen). Abbreviations: Alm -almandine, Ap -an apatite-group mineral, Bt -a biotite-group mineral, Kfs -K-feldspar, Ms -muscovite, Ororthoclase, Pl -a plagioclase-group mineral, Qz -quartz, Sil -sillimanite, Tur -a tourmaline-supergroup mineral.
phate nodules, reaching 5 cm across. The phosphates commonly occur as lamellar intergrowths of pale pink graftonite with light greenish triphylite and sarcopside, formed by exsolution of triphylite and sarcopside from the graftonite host; granular aggregates are rarer . Tiny (usually < 10-20 μm in length) inclusions of two common REE-bearing phosphates, monazite-(Ce) prevailing over xenotime-(Y), are disseminated within the lamellar phosphates.
Graftonite, evolving to beusite [graftonite-(I)-beusite-(I)], is the principal mineral in the intergrowths forming plates up to 1 mm thick, whereas triphylite is the main exsolved phase. Triphylite (or secondary ferrisicklerite as a product of triphylite topotactic oxidation) commonly forms a set of almost parallel lamellae with local bulges, constrictions and multipronged splits, tapering out towards terminations, with thickness attaining several hundred micrometers (Fig. 4) . In the outermost portions of the intergrowths, the continuity of the lamellae can be broken and each of the Li-bearing minerals can form small lenticles (Fig. 3a) . Although triphylite and ferrisicklerite can occur in two succeeding lamellae separated by graftonite (Fig. 4a) , no relics of triphylite within ferrisicklerite have been found. On the other hand, rod-shaped individuals, even over 1 mm in cross section, were observed in some phosphate nodules (Fig. 4b, d ). Triphylite lamellae, similarly to graftonite, have distinct preferential optical orientations; however, neither in triphylite, nor in graftonite the orientations are uniform (Fig. 3d-e) .
Sarcopside occurs only locally as needle-like lamellae in triphylite or ferrisicklerite, up to 50 μm thick and several hundred μm long (Figs 3c, 4) . The sarcopside inclusions are distinct from thin lamellae of graftonite, sometimes also embedded in the triphylite-ferrisicklerite host, by their spatial arrangement. Sarcopside commonly occurs as one or two independent sets of diagonally arranged and crisscrossing needles, whilst the graftonite lamellae, only 5-20 μm thick and several hundred μm long, are arranged parallel to the orientation of the principal graftonite-triphylite (ferrisicklerite) intergrowths (Fig. 4c) . Lamellae of sarcopside commonly taper toward terminations; however, in some triphylite (ferrisicklerite) rods they adhere to the surrounding graftonite by a wider termination and grow toward the interior tapering progressively (Fig. 4d) .
Granular to granoblastic aggregates of graftonite and ferrisicklerite with substantially rarer sarcopside, and with signs of intense metasomatism, occur only in deformation zones observed on microscopic scale, cutting the assemblage of the primary lamellar phosphates (Fig. 5) . Pseudoplaty to subhedral grains of graftonite and ferrisicklerite are usually only several tens of micrometers long and 20-50 μm thick, often with an almost parallel arrangement imitating lamellar orientation in the primary intergrowths. Sarcopside of the granular aggregates, with a clearly visible cleavage, expands along the veinlets. In contrast to sarcopside of the lamellar assemblage, granular sarcopside does not exhibit any close relationship with ferrisicklerite. Elongated grains of the mineral filling the veinlets cut not only ferrisicklerite plates, but also the intercalated graftonite-(I) bands (Fig. 5d) . Grains of sarcopside are commonly partly overgrown by Ca-bearing graftonite and alluaudite-group minerals.
Metasomatic phosphates
The metasomatic assemblage forms thin veinlets cutting the primary lamellar phosphates and irregular zones at the nodule borders, very often with superimposed hydrothermal alteration to lower temperature, hydrated and oxidized phosphates (Fig. 5) . The assemblage comprises Ca-rich graftonite evolving to Ca-rich beusite [graftonite-(II)-beusite-(II)], alluaudite-and wagnerite-group minerals, and kryzhanovskite, a Ca-bearing mineral with composition close to extraterrestrial ferromerrillite and fluorapatite at the outermost nodule rim. Moreover, relics of a dickinsonite-like mineral accompanied by wolfeite were found in masses of secondary phosphates abundant in the contact zone with albite.
Ca-rich graftonite evolving to Ca-rich beusite represents a specific member in the graftonite-beusite series, close to the composition of CaFeMn(PO 4 ) 2 . It was first noted in the Yellowknife pegmatite, Canada (Wise and Černý 1990) , where it forms lamellar intergrowths with triphylite; a few Canadian and Swedish pegmatites followed (Černý et al. 1998; Smeds et al. 1998) . Everywhere, the mineral occurred as a magmatic phase, forming lamellar intergrowths with sarcopside and triphylite. In the Lutomia pegmatite, Ca-rich graftonite evolving to Ca-rich beusite forms irregular rims, up to a few micrometers thick, around subhedral grains of graftonite-(I)-beusite-(I) in the micro-deformation zones. Sometimes it fills completely interstices between the grains. The phase also forms subhedral grains, up to a few tens of micrometers across, in the outermost, marginal zones of the veinlets. Less frequently, it occurs as small isolated patches within graftonite-(I)-beusite-(I), commonly without any textural relationship to secondary phosphates filling the veinlets (Fig. 5a-d) . Occasionally, large relics of beusite-(II), overgrown with alluaudite and a jahnsite-group mineral, were observed in masses of altered phosphates in the outer zones of a few nodules (Fig. 5e) . Such a mode of graftonite-(II)-beusite-(II) occurrence suggests a formation by Ca-metasomatic replacement of the granular graftonite-(I)-beusite-(I) along the grain boundaries through intergranular diffusion of a metasomatic fluid into the lamellar host, and crystalliza- tion from a late, residual melt on the primary, lamellar phosphates. The metasomatic origin of such graftonitebeusite is noted in the series for the first time.
Minerals of the alluaudite group (hagendorfite, ferrohagendorfite and alluaudite), along with the members of the wagnerite group and kryzhanovskite, are the most common metasomatic phosphates at Lutomia. The alluaudite-group minerals can replace lamellar triphylite and ferrisicklerite, particularly in the outermost zones of the nodules (Fig. 3h) . In the deformation zones, the replacement is visible at a distance up to 100 μm, sometimes with preserved relics of the Li-bearing phosphates (Fig. 5b-c) . Alluaudite-group minerals also form small, anhedral grains reaching 10-20 μm across, directly on the lamellar ferrisicklerite-veinlet interface, or occur as twophase, intimate symplectic intergrowths with wagneritegroup minerals, with the sizes of single individuals not exceeding 10 μm (Fig. 5a-c) . In the heterosite-bearing Back-scattered-electron images of the metasomatic phosphates: a -Ca-metasomatism on grain boundaries of the primary graftonite-(I); b -a ferromerrillite-like mineral (phase-A) within symplectic mixture of wolfeite/stanĕkite with an alluaudite-group mineral; c -Na-and Cametasomatism around veinlets cutting the primary, lamellar assemblage; d -sarcopside filling microdeformation zones within metasomatized graftonite and ferrisicklerite lamellae; e -alluaudite overgrowing beusite-(II) and replaced by jahnsite-(CaMnMn); f -relics of a dickinsonite-like mineral and wolfeite/stanĕkite within secondary whitmoreite and jahnsite-(CaMnFe). Abbreviations: Ald -alluaudite, Bst -beusite-(II), Dkn -a dickinsonite-like mineral, Fsk -ferrisicklerite, Grf -graftonite-(I), Ca-Grf -graftonite-(II), Hgd -hagendorfite, Jhn -a jahnsite-group mineral, Krz -kryzhanovskite, Sar -sarcopside, Wht -whitmoreite, Wlf/Stk -wolfeite/stanĕkite, Ph-A -phase-A.
nodules, alluaudite-group minerals fill fractures, usually in association with fluorapatite, Mn-bearing fluor-to hydroxyapatite and other secondary Fe-Mn phosphates. Large relic grains of alluaudite accompanied by beusite-(II) and jahnsite-group minerals are sometimes common in the outer zones of some phosphate nodules (Fig. 5e) . Wolfeite, triploidite and stanĕkite are three representatives of the wagnerite-group minerals in the Lutomia pegmatite. The small grain sizes of wolfeite/stanĕkite in unaltered parts of the metasomatic veinlets, not exceeding 20-30 μm for the granular individuals, and 10 μm in the symplectic intergrowths, significantly limit the possibility of unequivocal distinction between the minerals (Fig. 5a-b) . However in the Lutomia pegmatite, similarities with the mineral association stanĕkite + alluaudite + kryzhanovskite to other stanĕkite occurrences, e.g. the Okatjimukuja pegmatite at Karibib, Namibia (Keller et al. 1997 ) and the Brissago pegmatite, Switzerland (Vignola et al. 2008 ) makes the presence of stanĕkite very likely, especially in intergrowths with the alluaudite-group minerals with Fe 3+ /Fe total > 0.50. Brown stanĕkite, often as an alteration product, is found in central parts of ferrisicklerite lamellae altered to heterosite (Figs 3g, 6a) . Relics of wolfeite and/or stanĕkite were also observed in strongly altered outer parts of some phosphate nodules, in association with dickinsonite-like mineral, whitmoreite and a jahnsite-group mineral (Fig. 5f ). Triploidite was found along with wolfeite-stanĕkite in the heterosite-bearing nodules, where it forms also tiny grains, commonly below 20 μm, and only very rarely reaching 100 μm. It is associated with alluaudite (NaNa) or (Na) type or hagendorfite (NaMn), and wolfeite or stanĕkite.
Kryzhanovskite represents a Fe 3+ -bearing member of the phosphoferrite group, usually produced by oxidation of phosphoferrite (Moore 1974; Moore and Araki 1976; Moore et al. 1980) . Kryzhanovskite, accompanying the metasomatic association, forms small, anhedral grains with a clearly visible cleavage, up to 20-30 μm across, disseminated separately among the granular graftonite-(I)-beusite-(I), in the nearest neighborhood of the metasomatic veinlets (Fig. 5a-c) . The mineral is absent in the axial part of the veinlets, especially within the sympletic intergrowths of the alluaudite-and wagneritegroup minerals. The secondary kryzhanovskite as an oxidation product of phosphoferrite is discussed below, along with other secondary, hydrothermal and weathering phosphates.
Phase-A, close in composition to ferromerrillite, occurs rarely in the axial part of the metasomatic veinlets and only occasionally in outer, altered zones of the nodules. It forms elongated grains, reaching 100 × 20 μm, and blebs about 10 μm in diameter. It is commonly associated with symplectic intergrowths of the alluaudite-and wagnerite-group minerals (Fig. 5a-c) .
A dickinsonite-like mineral was found only in the form of anhedral relics reaching several tens of micrometers in size, in outer parts of the graftonite-heterosite nodule, within an aggregate of secondary phosphates composed mainly of whitmoreite and jahnsite-group minerals ( Fig. 5f ).
Fluorapatite (Mn-poor to Mn-bearing) forms outermost concentric rims around the phosphate nodules, commonly associated with relics of graftonite, fairfieldite, landesite, jahnsite-(CaMnFe) and -(CaMnMn), ludlamite, beraunite, dufrénite, hureaulite and Mn oxides. The contact between fluorapatite and the altered, primary lamellar assemblage preserved as remnants within the secondary phosphates, is sometimes emphasized by the presence of sulphides, mainly pyrite cubes.
secondary phosphates, produced by hydrothermal and weathering processes
The group comprises secondary phosphate minerals formed at the expense of the magmatic or metasomatic phosphates under action of a hydrothermal fluid and meteoric water. To the group belong ferrisicklerite and heterosite as products of Fe oxidation and Li leaching by triphylite, then phosphoferrite, ludlamite, vivianite, fairfieldite and hureaulite containing only Mn 2+ and Fe 2+ , kryzhanovskite, earlshannonite and whitmoreite, landesite, strunzite and ferrostrunzite, beraunite, dufré-nite, jahnsite-(CaMnFe), -(CaMnMn) and -(MnMnMn), all containing some of the Fe as Fe 3+ , and finally Mn 2+ -bearing hydroxyapatite. Except for ferrisicklerite and heterosite mimicking the lamellar texture of the primary triphylite, all other mentioned phosphates occur in the yellow, orange to dark brown outer zone of the nodules with partly preserved remnants of the primary lamellar texture on the macro-and micro scales, and separated dark green to dark blue patches (Fig. 3a) .
Ferrisicklerite and heterosite are products of topotactic alteration of triphylite due to the oxidation of Fe 2+ and Mn 2+ and complete Li + leaching according to the Quensel-Mason sequence (Quensel 1937; Mason 1941) , by the reaction  + (Fe,Mn) 3+ → Li + + (Fe,Mn) 2+ . Hence, heterosite was found in the form of lamellar intergrowths with ferrisicklerite and graftonite, but only in separate brown nodules with a sometimes visible purple-reddish tint, up to 2-3 cm in size. They are rarely accompanied by the typical unaltered phosphate nodules in the massive albite unit. Both minerals are easily recognized by their distinct pleochroism, light reddish to dark reddish in ferrisicklerite, and rose-red to blood-red in heterosite, exhibiting lamellar texture in the intergrowths inherited from the primary graftonite-triphylite lamellae (Fig. 3g ). Topotactic Fe 2+ and Mn 2+ oxidation, leading finally to heterosite, resulted in the formation of irregular, crosswise Phosphoferrite and kryzhanovskite, coupled by the transformation reaction Fe Fransolet 2007) , occur mainly in the relatively slightly altered nodule interior, where they replace both graftonite-(I) and triphylite (ferrisicklerite) or sarcopside. They also form small isolated grains up to a few tens of micrometers in size, veinlet fillings, or pseudolamellar forms, even several hundred micrometers long, as a result of ferrisicklerite or graftonite replacement . Textural relationships indicate that kryzhanovskite replaced earlier phosphoferrite, and that, on the other hand, both phases are progressively replaced outward by ludlamite and other Fe 3+ -bearing phosphates.
Ludlamite is a common alteration product of phosphoferrite, also inheriting pseudolamellar texture from the primary triphylite (Fig. 6d ). Its abundance distinctly increases in the outer zones of the strongly altered, heterosite-bearing nodules, where the mineral can form a phosphate matrix, containing anhedral grains of earshannonite-whitmoreite, strunzite and alluaudite (Fig. 6f) .
Vivianite occurs locally, mainly in the outer zone of the oxidized rim, in association with graftonite relics, alluaudite and hagendorfite. It can replace ferrisicklerite, and also forms patches and fracture fillings in the altered graftonite (Fig. 6e) .
Hureaulite was found only in the heterosite-bearing nodule, in association with jahnsite-(CaMnFe), jahnsite-(CaMnMn), Mn-bearing hydroxyapatite and Mn oxides.
Earlshannonite, whitmoreite, strunzite and ferrostrunzite occur along with ludlamite in the outermost zone of the alteration rim in the heterosite-bearing nodule, forming individual grains up to 20-30 μm across (Fig. 6f ).
Beraunite and dufrénite are located in strongly altered zones with visible relics of the primary graftonite. They are replaced by ludlamite and Mn-bearing fluorapatite. The predominant dufrénite forms large polycrystalline aggregates with single crystals a dozen μm in size (Fig. 6g) .
Jahnsite-(CaMnFe), -(CaMnMn) and -(MnMnMn) were found as tiny crystals or anhedral grains within strongly altered rims, in association with Mn-bearing hydroxyapatite, hurealite, Mn oxides and relics of altering graftonite.
Landesite and fairfieldite occur as anhedral grains in the strongly altered, outer portions of the nodules, commonly in association with Mn-bearing hydroxyl-to fluorapatite and relics of graftonite. Oval grains of fairfieldite reach 0.5 mm across (Fig. 6h) .
Hydroxyapatite (Mn-bearing) is a second member of the apatite group occurring in the pegmatite in the form of anhedral domains, up to a few tens of micrometers in size, located within the fluorapatite rim, or accompanying relics of graftonite, fairfieldite, landesite, jahnsite-(CaMnFe) and -(CaMnMn), ludlamite, beraunite, dufré-nite, hureaulite and Mn oxides in the altered rim.
Mineral chemistry 4.2.1. The assemblage of primary, magmatic phosphates
Monazite-(Ce) disseminated within phosphates of the lamellar assemblage has typical compositions with Ce > La > Nd, differing slightly due to the 2LREE 3+ ← Ca
2+
+ U 4+ substitution (Tab. 2; see Electronic Appendix for details on analytical techniques).

Fig. 6
Back-scattered-electron images of the hydrothermal to weathering phosphates: a -complex internal structure of the ferrisicklerite-heterosite lamellae in the heterosite-bearing nodules; b -phosphoferrite replacing sarcopside; c -kryzhanovskite in altering graftonite-(I); d -ferrisicklerite replaced by ludlamite; e -vivianite replacing ferrisicklerite along with an alluaudite-group mineral; f -hureaulite and ludlamite in strongly altered parts of the heterosite-bearing nodules; g -dufrénite and beraunite replacing the primary graftonite-(I); h -fairfieldite and landesite with Mn-bearing hydroxyapatite in outer zones of the alteration rim. Abbreviations: Ald -an alluaudite-group mineral, Ap -an apatite-group mineral, Ber -beraunite, Dfr -dufré-nite, Esh -earlshannonite, Ffd -fairfieldite, Fsk -ferrisicklerite, Gft -graftonite, Ca-Gft -graftonite-(II), Htr -heterosite, Hrl -hureaulite, Jhn -a jahnsite-group mineral, Krz -kryzhanovskite, Lnd -landesite, Ldl -ludlamite, Php -phosphoferrite, Sar -sarcopside, Stn -staněkite, Str -strunzite, Vnt -vivianite. Graftonite hosting the lamellar triphylite-sarcopside exsolutions [graftonite-(I)] always shows a high MnO content (21.87 to 26.40 wt. %), low MgO (0.64-1.50 wt. %) and ZnO (< 0.50 wt. %), with varying amounts of CaO (4.07-8.12 wt. %). The MnO and CaO contents increase in thin lamellae embedded in the exsolved triphylite or secondary ferrisicklerite (Tab. 3). The Mn/(Fe + Mn) ratio of graftonite-(I) ranges from 0.42 to 0.52, proving that Mn-Fe fractionation in the host phosphate during formation of the intergrowths locally attained a stage with Mn predominance over Fe, already corresponding to beusite [beusite-(I)] (Fig. 7) Graftonite, ferrisicklerite and sarcopside forming granular fillings in deformation zones are characterized by the same compositional parameters as their lamellar counterparts, proving that the granular texture is a result of cracking during consolidation of the pegmatite, maybe due to cooling (Tab. 3). ratio ranges widely from 0.23 to 0.83) and so, according to the current nomenclature for the mineral group (Moore and Ito 1979; Hatert et al. 2006) , the studied phases represent either hagendorfite or alluaudite. The M(1) site is usually completely filled with Mn 2+ ; only in several grains did Fe 2+ exceed Mn 2+ , suggesting the presence of a ferrohagendorfite species. Calcium in the X(1) site never dominates, so Na and even Mn become important, whilst the X(2) site is either dominated by Na or stays vacant. Li-bearing phosphates are replaced usually by hagendorfite of (MnNa) type, whilst fissures in the phosphates can already be filled with alluaudite of type (NaNa) or (Na). In symplectic intergrowths with wolfeite-stanĕkite occur commonly analogous alluaudites, although hagendorfite of type (MnNa) and (NaNa) may also be encountered. The Mn/(Mn + Fe) ratio ranges widely (0.26-0.56), being thus similar to the remaining phosphates of the metasomatic assemblage, covering the full range of the ratios in the primary triphylite, sarcopside and graftonite.
Tab. 2 Representative analyses of monazite-(
.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
The assemblage of metasomatic phosphates
Minerals of the wagnerite group (wolfeite, triploidite and stanĕkite) have low CaO contents, up to 0.61 wt. %, moderate MgO, reaching 3.76 wt. %, and ZnO up to 1.39 Fluorapatite, normalized to 12 O atoms and one (F,Cl,OH) per formula unit, commonly displays an ΣMe/P ratio exceeding the ideal value of 5:3, indicating a deficiency of (PO 4 ) 3-, even when it is supplemented with traces of (SiO 4 ) 4-(to 1.80 wt. % SiO 2 ) and (SO 4 ) 2-(to 0.94 wt. % SO 3 ) (Tab. 6). It is a result of the (CO 3 ) 2-+ (F/OH) -→ (PO 4 ) 3-substitution, identified in the infrared spectra of these apatites by a weak absorption band at c. 1430 cm -1 . The calculated content of CO 2 occasionally reaches 4.71 wt. %, although it usually ranges from 1.5 to 2.5 wt. %. Calcium deficiency is supplemented mainly with Mn (to 6.77 MnO wt. %) and Fe (to 5.88 FeO wt. %), and with traces of ZnO (to 0.42 wt. %), MgO (to 0.47 wt. %), BaO (to 0.37 wt. %) and Na 2 O (to 0.40 wt. %). Normalization procedures: kryzhanovskite, phosphoferrite, ludlamite, vivianite, whitmoreite, earlshannonite, ferrostrunzite and fairfieldite were normalized to 2 P apfu; dufrénite to 3 P apfu; hureaulite, beraunite and members of the jahnsite group to 4 P apfu; landesite to 8 P apfu compositional affinity to both triphylite and sarcopside, as well as to graftonite.
Mn (PO )
Hureaulite has compositions close to that presented in Tab. 6, yielding a formula (Mn Jahnsite-group minerals are represented mainly by jahnsite-(CaMnFe), more rarely by -(CaMnMn) and only occasionally by -(MnMnMn) varieties. In the minerals, the contents of several of the main components are highly variable (FeO = 6.25-11.19 wt. %, wt. %, CaO = 2.50-5.00 wt. %); however, Hydroxyapatite displays lower CO 2 contents than fluorapatite (to 2.27 wt. %), and a mean at the level of 0.60 wt. %, and SiO 2 and SO 3 attaining 0.20 wt. % and 0.17 wt. %, respectively. Calcium deficiency is supplemented mainly by 
Associated minerals
Biotite
A dark mica (biotite) is a relatively common component in the border and wall zones, where it forms medium-sized to large, dark-brown plates up to 3 cm across, without visible signs of alteration (Fig. 2a-b Inwards, laths of biotite increase in size, reaching 10 cm in length in the graphic zone, where they sometimes occur with multigrain aggregates of muscovite commonly associated with tourmaline. In the blocky feldspar zone, isometric platy biotite with sizes to 10 cm forms intergrowths with K-feldspars. Biotite of both intermediate zones is commonly strongly chloritized. Titanite, ilmenite, fluorapatite and an allanite-group mineral form tiny inclusions in biotite of the border zone. Biotite compositions correspond to Mg-and Al-bearing annite (Tab. 8, Fig. 8 ). The average composition (in apfu), 5.36 Si, 0.91 VI Al and 1.72 Mg, and moderate Ti (0.38), low Mn (≤ 0.04), Ca (≤ 0.01) and Na (≤ 0.06), make the biotite closely comparable to that of the Piława pegmatitic system (Pieczka et al. 2013).
Garnet
Garnet is absent in the main pegmatite, but occurs in thin quartzbearing offshoots, a few centimeters thick, cutting the host amphibolite. It forms dodecahedral crystals up to 1.5-2.0 cm across, which have an almandine-spessartine composition, (Fe 2+ 
Tourmaline
Black tourmaline is a relatively rare mineral in the graphic intermediate and blocky feldspar zones. Crystals of the Lutomia tourmaline show similar features as that in the Piława Górna pegmatitic system (Pieczka et al. 2013) . They are also composed basically of two distinct zones: a core, showing dark blue/blue (ω) to colorless (ε) pleochroism, and a rim varying from olive-green (ω) to colorless (ε). Representative analyses of the two varieties indicate comparable compositions, with Ti 4+ as the only component that correlates with the observed differences in pleochroism (Tab. 9). The bluish core has very low Ti contents of ions on the basis of Si = 6 apfu for the core and Y + Z + T = 15 apfu for the rim tourmaline (see Methods) F was always below detection limit (b.d.l.) contents, generally below 0.010 apfu, a very high Fe/Ti ratio varying from over 1000 to ~100, and Mn/(Mn + Fe) ratio of 0.007-0.022. In contrast, the rim tourmaline has Ti > 0.018-0.019 apfu, distinctly lower Fe/Ti (< 80), and comparable Mn/(Mn + Fe) ratio (0.005-0.021).
In the X-site vacancy-Ca-(Na + K) classification diagram (Fig. 9a) , the core compositions represent X-vacant tourmaline, whereas rims correspond to alkali tourmaline. In the (Fig. 9b) , all the compositions plot in the center of the schorl field, close to the ~30 at. % Al line of the Y triad, corresponding approximately to the foitite-magnesiofoitite series. The relatively abundant X site vacancies indicate the dominant role of the foitite within the core and schorl within the rim, supplemented in both cases by subordinate magnesiofoitite, dravite and olenite components. Simple compositional relationships link the black tourmaline to that from the Piława pegmatitic system (Pieczka et al. 2013 ) and the zoned tourmalines from pockets in common pegmatites of the Moldanubian Zone in Czech Republic (Gadas et al. 2012 ).
Fergusonite-(Y)
All compositions of the studied primary (Y,REE)-(Nb,Ta,Ti) oxide fall in the fergusonite field of the CV1-CV2 three-group discrimination diagram of Ercit (2005) (CV1 = 1.34 to 1.81, CV2 = -5.65 to -6.34). Thus they represent a species belonging to the fergusonite-or β-fergusonite group, distinguished by different symmetry, I4 1 /a or I2, respectively. However, due to the presence of U 4+ and Th 4+ , the minerals commonly are highly metamict and ambiguous recognition solely from EMP analyses is impossible. From necessity, the phase will be named fergusonite-(Y). In the Lutomia pegmatite, a mineral with such a composition occurs rarely as small (< 200 μm) inclusions, disseminated in perthite hosting some phosphate nodules. The contents of Y 2 O 3 , HREE 2 O 3 and LREE 2 O 3 are 21.56-24.30, 10.69-13.69 and 2.97-5.45 wt. %, respectively, with HREE/REE ratios varying from 0.69 to 0.77 (Tab. 10). The mineral also has relatively small UO 2 and elevated ThO 2 contents, 5.14-6.48 and 2.46-8.39 wt. %, respectively, and Th/(Th + U) ratio varies widely (0.28-0.60).
Discussion
Origin of the pegmatite parental melt in a regional context
The Lutomia pegmatite, dated to 370 ± 4 Ma (van Breemen et al. 1988) , crystallized from a P-enriched granitelike magma coeval with 380-370 Ma metamorphic events in the GSB (van Breemen et al. 1988; Żelaźniewicz 1990; Bröcker et al. 1998; Timmermann et al. 2000; Aftalion and Bowes 2002; Gordon et al. 2005) . Its sharp, discordant contacts with the host gneisses/amphibolites prove transport of the anatectic melt from deeper crustal levels. The parental magma was probably injected during the D 4 decompression event, reflecting rapid exhumation of the GSB (Żelażniewicz 1990; Timmermann et al. 2000) .
It cannot be excluded that the lower crust was at a stage of advanced anatexis at that time (Żelaźniewicz 1990) . However, rapid uplift of the GSB connected with decompression and fracture propagation should have prevented differentiation processes in the source. As widely accepted, volatile-rich residual melts with low viscosity can escape the parental granite to form pegmatite dikes within the country rocks. This mode of origin is assumed for a phosphate-bearing pegmatite in the Szklary serpentinite Massif (Sudetic ophiolite: Pieczka 2007). It is the only known representative of pegmatitic activity of ~380 Ma (CHIME Pb-U-Th dating on monazite; Pieczka unpublished data) in the GSB vicinity. This part of the Sudetic ophiolite (Majerowicz and Pin 1986) was in contact with the GSB in the Late Devonian times (Żelaźniewicz 1990).
classification of the Lutomia pegmatite
Anatectic melting at the deeper levels of the GSB metasedimentary complex intercalated with lower crustal/ upper mantle lithologies (Gunia 1997; Kröner and Hegner 1998; Kryza and Fanning 2007; Ilnicki et al. 2012 ) could have produced a flux-bearing hybrid felsic magma (London 1992) enriched in incompatible, large-ion-lithophile and high-field-strength elements (HFSE), including Li + and P 5+ . Such a magma, containing both crustally and mantle-derived components, could have been responsible for LCT-and NYF-type pegmatite formation (Martin and De Vito 2005; Simmons and Webber 2008) . It could have been the case also for the GSB pegmatites, showing either the NYF evolving to an LCT, or only LCT, signatures. These form, as cogenetic and coeval bodies, one 'mixed' NYF + LCT system in the entire GSB region. Considering the geological-geochemical classification of the granitic pegmatites of Černý and Ercit (2005) , the Lutomia pegmatite should be classified as the LCT berylcolumbite-phosphate subtype of the REL-Li subclass of rare-element pegmatites. However, such a classification is not a perfect match, due to the low abundance of Nb-Ta oxides and the absence of beryl. These features point rather to the phosphate-subtype primitive pegmatites of the rare-element class in the modified classification of Novák (2005) applied to pegmatites of the Bohemian Massif. The presence of only scarce Be-and Nb-Ta mineralization, or even their absence, the relatively frequent primary Fe-Mn phosphates along with high B, and low F make such a link much more likely. Thus, in terms of the geochemical style of mineralization, the Lutomia pegmatite is close to classical Mn-Fe phosphates-bearing pegmatite localities in the Bohemian Massif such as Michałkowa in Poland (Websky 1868; Čech et al. 1962; Łodziński and Sitarz 2009) 1955, 1971; Škoda et al. 2007 ) and Dolní Bory-Hatĕ (Stanĕk 1967 , 1991 in the Czech Republic.
evolution of the Lutomia pegmatite
The formation of phosphate nodules exhibiting lamellar texture with alternate graftonite and triphylite ± sarcopside bands was a result of a complex process initiated probably by dissolution of a cooling parental P-bearing silicate melt into aluminosilicate and hydrosaline melts. This process was probably connected with separation of a fluid of lower salinity. For further discussion on melt and fluid inclusions in pegmatite-forming minerals, see Simmons and Webber (2008) based on data of Veksler and Thomas (2002) , Thomas et al. (2006) , and Thomas and Davidson (2013) . Accepting this genetic model, the aluminosilicate content of the Lutomia pegmatite could have been related to the crystallization of the dominant aluminosilicate melt, whereas the formation of the phosphate nodules could be linked with crystallization of the separated, phosphate-bearing melt as a high-T Ca-and Li-enriched graftonite-like phase. The latter subsequently, upon cooling, broke down to graftonite, i.e. a structure preferring larger Ca 2+ and Mn 2+ cations, and a Ca-and Mn-poor, but Li-, Fe-and Mg-bearing, sarcopside-like phosphate, which further broke down into Li-bearing triphylite and Li-free sarcopside (Wise and Černý 1990; Černý et al. 1998; Smeds et al. 1998 and references therein; Vignola et al. 2008) . The assemblage of the magmatic phosphates subsequently underwent metasomatic alteration of a high-T fluid released from the hydrosaline melt that followed the hydrothermal phase.
Cation partitioning between the exsolved minerals could have been driven by differences in the coordination of Ca 2+ , Mg 2+ , Fe 2+ , Mn 2+ and Li + in the graftonite-beusite, sarcopside and triphylite structures. The preference of Ca 2+ for the M(1) site in graftonite was connected to change in coordination from 5-fold to 6-fold and even to 8-fold as the M(1) cation changed from Fe 2+ through (Mn,Fe) 2+ to Ca 2+ (Stelle et al. 1991) . In consequence, the host graftonite-(I)-beusite-(I) and exsolved sarcopside + triphylite differ markedly in Mn/(Mn + Fe) ratios (0.42-0.52 vs. 0.22-0.36, respectively) . The breakdown of the primary phosphate phase was induced by incompatible concentrations of Ca, Na, Li and F (at Lutomia mainly Li) because the graftonite structure is stabilized in granitic pegmatites at moderate Ca and low F, Na and Li concentrations (Černý et al. 1998; Smeds et al. 1998) . The Mn/(Mn + Fe) ratio in the phosphates and associated garnet is commonly used to establish the degree of parental melt evolution (e.g. Černý et al. 1998; Smeds et al. 1998; Vignola et al. 2008 ). As shown above, in the Lutomia pegmatite the values are different for triphylite-sarcopside and graftonite, and apparently not compatible with garnet. However, considering a proportion of 40-60 : 60-40 vol. % between both types of lamellar phosphates, the resulting ratio of 0.36-0.37 for the bulk phosphate composition is closer to that in garnet. It also should be remembered that garnet does not accompany the phosphates in the main pegmatite body, but occurs in peripheral offshoots cutting the amphibolite host. Therefore, as an earlier mineral, it may show slightly lower degree of Mn-Fe fractionation. These geochemical features allow us to classify the Lutomia pegmatite as a geochemically primitive, moderately fractionated body.
The primary lamellar assemblage underwent Ca-and Na-metasomatism connected with Fe oxidation (partly by an increase in O activity, and partly by Li + and Na + leaching). It led to partial reconstruction of the magmatic phosphates with granular and granoblastic textures along micro-deformation fractures and in the outermost nodule zones, into a new assemblage composed of Carich graftonite/Ca-rich beusite + wolfeite/triploidite/ stanĕkite + hagendorfite/alluaudite + kryzhanovskite, and a Ca-bearing phosphate close to ferromerrillite finishing the crystallization. Graftonite-(I)-beusite-(I) and the metasomatic phosphates exhibit the similar Mn-Fe fractionation, expressed as Mn/(Mn + Fe) ratios: ~0.52 in graftonite-(I)-beusite-(I) versus 0.57 in beusite-(II) and wagnerite-group minerals, 0.56 in alluaudite-group minerals, and 0.54 in ferromerrillite-like minerals and an arrojadite-group mineral. This may indicate that the medium responsible for the formation of the metasomatic assemblage previously had evolved along with graftonite-(I) to separate finally in the form of a high-T fluid enriched in Na and F but devoid of Al. At the nodule/host plagioclase contact, fluorapatite continued crystallization as temperature decreased at increasing Mn/(Mn + Fe) progressively to ~0.90 as a result from buffering of F activity by Ca 2+ from the aluminosilicate melt crystallizing as the massive albite unit. This again indicates a decisive role for the fluids released by the hydrosaline melt. An influx of such a Na-enriched fluid destabilized phosphates of the primary assemblage stable only under low F and Na activities (Černý et al. 1998; Smeds et al. 1998) , and liberated Ca 2+ from the lamellar/ granular graftonite-(I)-beusite-(I) host, initiating Cametasomatism of the graftonite/beusite along the replacement front on the vein boundaries. Within the veinlets and outer zones, the primary phosphates were replaced by granular wolfeite/triploidite or stanĕkite depending on Fe : Mn relationships and Fe oxidation state, being surrounded by symplectites of the wagnerite-and alluauditegroup minerals, and in the axial parts of the veinlets by Ca-and Na-bearing phosphates close to ferromerrillite locally appearing along with hagendorfite. Alluaudite-group minerals of metasomatic origin, derived from triphylitegroup minerals by Na-for-Li exchange, are common in numerous pegmatites worldwide (Moore 1971; Huvelin et al. 1972; Fransolet 2007) . Metasomatic wolfeite was described among others from the Otov I granitic pegmatite in western Bohemia (Masau et al. 2000) , whilst stanĕkite, most often as an alteration product of ferrisicklerite, was recently mentioned from Cañada, Spain (Roda et al. 2004 ), Soè Valley, Italy (Guastoni et al. 2007 ) and Brissago, Switzerland (Vignola et al. 2008 ). In the Lutomia pegmatite, a genetic link of the secondary stanĕkite to the primary triphylite (or ferrisiscklerite as a product of topotactic oxidation) is also clearly visible. Stanĕkite forms anhedral grains embedded into ferrisicklerite and heterosite lamellae or occurs as small, regular chessboard mosaics in the ferrisicklerite-heterosite lamellae with dark brownish color in thin section. Alluaudite-group minerals and kryzhanovskite sometimes imitate the primary lamellar texture. Two contrasting tendencies are visible for both mineral groups: (1) grains with Mn/(Mn + Fe) ratio typical of the exsolved triphylite (ferrisicklerite) and sarcopside have slightly decreased Mg compared to the parental minerals [Mg/(Mg + Mn + Fe) = 0.03-0.14 in alluaudites and 0.03-0.10 in the wagnerite-group minerals, versus 0.10-0.18 in triphylite-ferrisicklerite and 0.05-0.09 in sarcopside]; (2) in grains with Mn/ (Mn + Fe) ratio typical of the lamellar graftonite-(I), the Mg/(Mg + Mn + Fe) ratio increases from 0.02 to 0.15 in alluaudite-group minerals and from 0.01 to 0.07 in wagneritegroup minerals compared to 0.02-0.05 in the host graftonite (Fig. 10) . On the other hand, kryzhanovskite accompanying the assemblage [mainly the metasomatized graftonite-(II)-beusite-(II)] displays this ratio varying in a very narrow range of 0.04-0.06. All the data suggest that metasomatism had reconstructed the entire granular assemblage, finally blurring the primary magmatic textures and compositional differences. The dickinsonite-like mineral found in the metasomatized outer zone of a single nodule probably represents the product of a reaction between the primary phosphates and the parental fluid enriched in Al by interaction with the plagioclase host.
The appearance of an aqueous phase (and the later action of meteoric water) initiated hydrothermal alteration (hydration, auto-oxidation, oxidation and oxidation due to Li + -and Na + -leaching), initially preserving compositional relationships typical of the lamellar and metasomatic phosphates. This led to the formation of ferrisicklerite, stanékite and heterosite, possible transformation of hagendorfite into Na-poor alluaudite, formation of phosphoferrite, kryzhanovskite, jahnsite-group minerals and ludlamite, mainly in the nodule interior. Outwards, the minerals have been transformed into phosphate phases with elevated Fe 3+ , formed by partial to almost complete Mn 2+ and Ca 2+ removal (in a sequence of Mn-negligible ludlamite, vivianite, earlshannonite-whitmoreite, strunzite-ferrostrunzite, dufrénite, beraunite), predominating in the oxidation rim developed around the weakly altered nodule interior. The Ca 2+ and Mn 2+ ions liberated in the processes could have participated in crystallization of late Ca-Mn-, Mn-or Ca-bearing phases like hureaulite, landsite, fairfieldite and hydroxyapatite. The complex genesis of the secondary phosphates is best documented by the apatite-group minerals compositions analyzed in terms of the Mn-Fe fractionation vs. F contents in the crystal- lization environment (Fig. 11) . The plot clearly separates fluorapatite, with Mn/(Mn + Fe) evolving progressively to ~0.90, from hydroxyapatite with distinctly lower F contents and with Mn/(Mn + Fe) > 0.90. This corroborates two different media responsible for the formation of the secondary high-T, metasomatic assemblage on the one hand and the secondary, hydrothermally-altered assemblage on the other.
A relationship to the Michałkowa phosphate-bearing pegmatite
The Michałkowa pegmatite was the first phosphatebearing pegmatite found in the GSB (Websky 1868), representing the type-locality for sarcopside. However, the pegmatite was only infrequently studied in the past, and data on its mineralogy are poor (see Čech et al. 1962; Łodziński and Sitarz 2009 ). The latter authors described now largely vanished material (currently available are only relics of a small dump, probably after Websky field work), and mentioned an occurrence of a dozen of phosphate minerals. However, besides graftonite and sarcopside, none of them was characterized in term of chemical composition, and their presence in the pegmatite is not convincing. From necessity, the brief description below of the phosphate-bearing mineralization at Michałkowa is made on the basis of the graftonite and sarcopside compositions published by Łodziński and Sitarz (2009) and our ongoing studies. The pegmatite has the same origin and represents the same beryl-columbite-phosphate subtype of the REL-Li subclass of rare-element pegmatites (Černý and Ercit 2005) or the phosphate subtype of the rare-element class (sensu Novák 2005). A columbite-group mineral (E. Szełęg, pers. comm.) and beryl (Łodziński 2007) are the only accessory components. Phosphate minerals can be found currently as nodules up to 5 cm in diameter (usually only 1-2 cm), mainly in blocky plagioclase. They commonly display three assemblages: (1) a primary one of lamellar or granular phosphates with graftonite, sarcopside and traces of triphylite oxidized topotacticly to ferrisicklerite and heterosite; (2) a metasomatic one, composed mainly of hagendorfite-and alluaudite-group minerals, wagnerite-group minerals (wolfeite and probably stanĕkite), arrojadite-group minerals, whitlockitegroup minerals, and (3) a hydrothermal to weathering vein-like and patchy phosphate assemblage, composed of jahnsite-group minerals, members of the kryzhanowskitephosphoferrite series, phosphosiderite, etc. The primary and metasomatic phosphates show lower Mn-Fe fractionation than those of Lutomia; in graftonite Mn/(Mn + Fe) values are 0.34-0.46, in sarcopside 0.12-0.24, in tryphylite and ferrisicklerite 0.13-0.19, in alluaudite-group minerals 0.19-0.45 and in the wagnerite-group minerals 0.11-0.37. Metasomatism, more advanced than in the Lutomia pegmatite, commonly resulted in fine-grained textures, significantly blurring the primary lamellar one.
A relationship to the Piława pegmatite system
The active migmatite-amphibolite quarry at Piława Górna is the largest exposure of a complex suite of cogenetic rare-element pegmatites in the GSB. The system comprises differentiated pegmatites, ranging from homogeneous and relatively primitive dikes to simply zoned, NYF-affiliated bodies that may contain in central parts highly fractionated units of LCT mineralization with elbaite-liddicoatite-rossmanite tourmalines, lepidolite, spodumene, Cs-bearing micas and Cs-bearing beryl evolving to pezzottaite. The pegmatites are almost devoid of phosphate minerals, except for subordinate fluorapatite in the less fractionated NYF-like portion of the system, pale blue manganoan fluorapatite, relatively common in the most fractionated LCT facies, and an assemblage of accessory phosphates, including among others, lithiophyllite-purpurite, LiMn(PO 4 )-MnPO 4 , and some other Mn-and Mn-Ca phosphates with extremely high Mn-Fe fractionation. They form only tiny grains accompanying Mn oxide inclusions around spodumene. The differentiated pattern of the Piława Górna and Lutomia pegmatites is a result of the different behavior of P in the parental anatectic melt (see discussion in Roda et al. 2004) . In both pegmatites, a source of P may be suspected in apatite-, monazite-and xenotime-type admixtures and organic matter existing in the primary sediments which underwent MP-HT metamorphism. According to Bea et al. (1992) , apatite should be the first phosphate mineral crystallized from the peralumi- nous melt. However, at Lutomia (and Michałkowa), P 5+ behaves differently, as characteristic of incompatible HFSE, accumulating in the primary melt. From this melt crystallized a high-T, Li-bearing graftonite-like phase, parental to numerous products of its breakdown, metasomatism and hydrothermal alteration. Such P behavior could possibly be related to early separation of aluminosilicate and phosphate-bearing melts and the co-crystallization of abundant plagioclase (oligoclasealbite), preventing apatite saturation in the aluminosilicate melt and buffering low Ca activity in the exsolved phosphate-bearing melt. At Piława Górna, the existence of plagioclase is usually restricted to the border-, wall-and graphic intermediate zones, where it is gradually replaced by microcline; phosphorus precipitated here for a long time as a common fluorapatite. Other phosphates, e.g., lithiophyllite, were found only in very late LCT portions of the system with additional albitic and spodumene units (Szuszkiewicz et al. 2013) ; however, even here they were preceded by crystallization of relatively abundant Mn-bearing fluorapatite. Both systems, i.e. Lutomia/Michałkowa and Piława Górna, also experienced a stage with increasing Fe 3+ activity and late Ca metasomatism. At Piława Górna these phenomena were related, among others, to stages of (Fe,Mn)-(Ti,Sn)-(Nb,Ta)-and (Y,REE, U,Fe)-(Ti,Sn)-(Nb,Ta) oxide formation and their later hydrothermal alteration (Pieczka et al. 2013 (Pieczka et al. , 2014 , whilst at Lutomia and Michakowa their results were observed in the metasomatic and hydrothermal and weathering phosphates.
Conclusions
The Lutomia pegmatite from the Góry Sowie Block (GSB) in Lower Silesia, Poland, represents a fine example of the relatively moderately-fractionated phosphate subtype of geochemically primitive LCT pegmatites of the rare-element class. It contains three phosphate assemblages of different origin. The primary assemblage comprises lamellar intergrowths of graftonite evolving to beusite with exsolved triphylite and sarcopside, destroyed in micro-deformation zones, and with tiny inclusions of monazite-(Ce) and rare xenotime-(Y). The assemblage was subjected to Na-and Ca-metasomatism induced by a high-T fluid separated from a P-bearing hydrosaline melt. As consequence, the primary graftonite-beusite, triphylite and sarcopside were transformed to secondary Ca-bearing graftonite-beusite, and hagendorfite-and alluaudite-group minerals, wolfeite, triploidite and staněkite, kryzhanovskite, a merrillite-like mineral, a dickinsonitelike mineral and fluorapatite crystallized at the contacts with the host albite. The action of hydrothermal solutions and meteoric water marked the transformation of the magmatic and metasomatic phosphates into a new assemblage composed of ferrisicklerite and heterosite formed by topotactic oxidation of triphylite, phosphoferrite, kryzhanovskite, ludlamite, vivianite, earlshannonite-whitmoreite, strunzite-ferrostrunzite, jahnsite-group minerals, dufrénite and beraunite. All these phases show increasing hydration and Fe 3+ contents, especially in an outer alteration rim. Liberation of Ca 2+ and Mn 2+ at final stages of these transformations resulted in crystallization of late hureaulite, landesite, earlshannonite and Mn-bearing hydroxyapatite. The increased Mn-Fe fractionation corroborates differentiated Fe and Mn behavior at late stages of the pegmatite evolution. The pegmatite, coeval with the ~380-370 Ma metamorphic event in the GSB, formed from an anatectic, P-enriched granite-like magma, mobilized and injected during the D 4 decompression related to the rapid exhumation of the GSB.
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